Smallholder farmers with limited governmental and institutional support often devise innovative strategies to mitigate the impacts of water stress on agricultural production. These drought mitigation strategies can be more culturally and ecologically suitable than top-down, Btechnocratic,^strategies. Top-down drought mitigation approaches, however, often link farmers with significant infrastructures, financial resources, and specialized knowledge. Successful rescaling of localized mitigation practices can integrate the benefits of localized mitigation with resources available at larger scales. This paper describes the rescaling of a Sri Lankan drought mitigation practice known as bethma. We focus on the process of rescaling, specifically what is lost and gained when this local practice is implemented at a much larger scale. We identify factors driving participation in bethma and the impacts of this participation on farmer livelihoods. Results suggest that participation in bethma during water-scarce seasons has significant positive impacts on agricultural yields, but that this participation is strongly influenced by the nature of a farmer's land ownership. Much of the success of bethma's implementation is due to the decentralized, flexible implementation at a regional scale. The loss of localized information, however, influences farmer participation in the practices and the distribution of the benefits associated with bethma.
Introduction
Smallholder farmers with limited governmental and institutional support often devise innovative strategies to mitigate the impacts of water stress on agricultural production (Eakin et al. 2013; Gandure et al. 2013) . These drought mitigation strategies can be more culturally and ecologically suitable than top-down, Btechnocratic^strategies, allowing farmers to integrate their highly specialized knowledge of the local agroecological system in the design of the mitigation practice (Adger et al. 2013; Petheram et al. 2010) . Top-down drought mitigation approaches, however, often link farmers with significant infrastructures, financial resources, and specialized knowledge (Wilhite et al. 2007; Wilhite and Vanyarkho 2000) . In many cases, the active, intentional involvement of the government can significantly boost farmers' capacity to mitigate drought, particularly through access to large water storage and diversion infrastructures (Moss and Newig 2010) .
A growing body of research suggests that the rescaling of localized drought mitigation strategies to regional or even national scales can increase the capacity of agricultural systems to mitigate water stress (Berkes and Jolly 2002; Eakin et al. 2013; Jabeen et al. 2010; Stringer et al. 2009; Valdivia et al. 2010) . Successful rescaling can effectively integrate the benefits of localized mitigation with resources available at larger scales. To date, there are relatively few documented examples of initiatives to formalize and implement locally developed adaptive agricultural strategies at larger scales (Agrawal and Perrin 2009; Nakashima et al. 2012; Nyong et al. 2007) . Understanding this process and its impacts on farmer livelihoods is a central concern in smallholder agricultural systems in which farmers are most vulnerable to environmental change (Adger et al. 2005; Agrawal and Perrin 2009; Eakin et al. 2013; Stringer et al. 2009 ). This paper describes the rescaling of a Sri Lankan drought mitigation practice known as bethma. We focus on the process of rescaling, specifically what is lost and gained when this local practice is implemented at a much larger scale.
Over thousands of years, communities in rural Sri Lanka have developed systems to capture, store, and distribute wet season water for cultivation during a second, drier agricultural season (Bebermeier et al. 2017; Panabokke et al. 2002) . During particularly water-stressed dry seasons, farmers in these systems practice bethma, or Bdivision.^Bethma is a collective drought mitigation technique in which permanent field boundaries are temporarily abolished, the total command area irrigated by a reservoir is reduced, and the remaining land is redistributed among all farmers who cultivate in the total command area. This redistribution process is complex and varies from system to system, but in general, each family receives equal-sized parcels of land regardless of land ownership. This practice evolved from a land tenure system in which each household owned fields at the head-, middle-, and tailend of a command area. This system was designed to mitigate inequalities in water access that often emerge between headend fields near the mouth of a reservoir and those at the tailend of the command area (Chambers 1988; Moore 1989a, b) . Under this land tenure system, all farmers in a command area cultivate only their head-end fields when practicing bethma. Decisions about the nature of land and water reallocation are negotiated collectively at the beginning of the season by farmers in the community (Thiruchelvam 2010) .
In the 1950s, the Sri Lankan government began the construction of a massive irrigation system that diverted the water of nation's largest river, the Mahaweli Ganga, through a system of large-scale, centrally managed reservoirs, hydropower plants, and canals. The government created the Mahaweli Authority of Sri Lanka (MASL) and charged the institution with the management of this irrigation network and the selection of Bsettler^families to be relocated from densely populated coastal regions to the MASL systems (Zubair 2005) . Settlers were given 2.5 acres of irrigated land on which they were encouraged to cultivate paddy (Azmi 2007; Moore 1989a, b) . Though many small-scale village-based irrigation systems still operate in the dry zone today, 1 the MASL irrigation infrastructure 2 dominates the region, with over 100,000 ha of irrigable land and over 10,000 km of canals (Fig. 1 ). An estimated 878,000 people, or 4.5% of the Sri Lankan population, live within these systems (MASL 2013) . Farmers in these systems produce 800,000 metric tons of paddy annually, and hydropower plants at these systems' main reservoirs generate approximately 40% of the nation's electricity demand (Manthrithilake and Liyanagama 2012) .
In recent years, increased prevalence of drought has pushed Sri Lankan water management institutions to implement bethma in these large-scale systems. The sheer scale of the MASL systems renders it nearly impossible for farmers to manage bethma as it was originally managed in village-based irrigation systems. The MASL systems are heavily engineered and centrally managed, with national and system-level water managers making key decisions about water allocations through the irrigation network. Intra-system water allocations are managed largely by system-level managers and farmer organizations, who meet regularly to ensure fair allocation of field-scale irrigation water. Unlike the village-based systems in which farmers cultivated three fields at the head-, middle-, and tail-end of the command area, MASL farmers cultivate only one field.
We are interested in how the rescaling of bethma affects farmer livelihoods during periods of drought. We focus on the practice of bethma during a severe 2014 drought that affected the livelihoods of over one million Sri Lankans (World Food Programme 2014). We are particularly interested in the factors that drive individual participation in and access to bethma, the scales at which key decisions are made, and the overall effectiveness of participation in bethma on farmer livelihoods in the MASL systems. In what follows, we describe the process of bethma's regional implementation, its impact on farmer livelihoods, and variations in farmer participation in the practice.
Methods
In August 2015, the first author visited eight MASL irrigation communities (Fig. 2) and conducted semi-structured interviews with 45 farmers across these systems. The majority of these farmers owned small agricultural parcels, typically less than 2.5 acres. We interviewed 23 local, regional, and national water management officials including agricultural extension officers, water controllers, farmer organization leaders, irrigation engineers, system managers, and national officials. In each interview, we asked interviewees to describe how bethma is typically implemented in their communities, who participates, and the overall effectiveness of the practice.
In addition to the interview data, we analyzed data from a 2015 household survey conducted with farmers (n = 607) from 13 communities in Sri Lanka's dry zone (Fig. 2 ). Communities were selected through a stratified random sampling procedure to ensure geographic dispersion throughout the region, and to select communities within both MASL and village-based irrigation systems. Within villages, 30-80 households (weighted according to the size of the population) were randomly selected from a sampling frame that included all rice-farming households living within the village. Trained local interviewers approached each selected household and asked if they would participate in a survey about agriculture and drought. Interviewers asked to speak to the person in the household who makes the majority of farming decisions. Most often, this was the male head of household. Some information about the household was also collected from the head female (typically the farmer's spouse). The survey instrument collected information regarding a range of topics including demographics, household economics, agricultural activities, community participation, and psychosocial data. We are interested in the scaling up of bethma in MASL systems, and only analyzed survey data from respondents living in the six major irrigation communities included in our survey. Of the 285 self-identified Bhead farmers^residing in the six major irrigation system communities, only 21 were female. Additionally, despite random sampling of households within communities, all respondents in each community were members of the same ethnic group, 3 reflecting the ethnic homogeneity of many dry zone communities. To identify the factors that drove variations in bethma participation in these three communities, we fit a Bayesian logistic model to the survey data where a farmer's probability of participating in bethma is modeled as Pr(y i = 1) = logit −1 (β i X). The respondent-level design matrix X includes a set of indicators for key variables identified through interviews as potentially influential in farmers' decisions to engage in bethma. Because we have minimal prior knowledge about the effects of our variables on participation in bethma, we followed ) and set weakly informative Cauchy priors on coefficients with center 0 and scale 2.5. We rescaled non-binary variables to have a mean of zero and a standard deviation of 0.5 and left binary covariates unscaled because their coefficients can already be interpreted directly (Gelman 2008) .
Results
Unlike the historical implementation of bethma, which was managed by farmers living in a single village, the regional MASL implementation of bethma takes place across several scales. Though national and regional water managers determine the reductions in cultivated extent in each system, system-level managers and the farmers themselves determine which fields are cultivated and how land is reallocated. This flexible, decentralized approach allows bethma to reflect the specific socio-environmental characteristics of each system (e.g., topography, canal infrastructure, social groupings along canals) and appears to significantly increase the effectiveness of its implementation in large-scale systems. In what follows, we describe this flexible approach and discuss the factors driving individual participation in and access to bethma. We first present an overview of the institutionalization of bethma in major irrigation systems as described in interviews with farmers, water managers, and local officials in eight communities across the dry zone. We then analyze this data to identify the factors that explain individual-level variations in participation in bethma during the 2014 drought. Finally, we model data collected from a 2014 household survey to identify the factor driving participation in bethma and that ultimately affect farmer yields.
Institutionalization of bethma
National officials determine seasonal water allocations and cultivated extents in each MASL system based on reservoir levels and expected rainfall. During periods of drought, these officials reduce seasonal inflows to certain systems and recommend percent reductions in cultivated extent. System-level officials identify the specific subset of the command area to be cultivated. Our interviews identified several approaches frequently used by system-level officials to select this subset of land. The first approach resembles bethma as traditionally practiced in village-based irrigation systems in which farmers owning head-end fields near the reservoir divide and share their land with tail-end farmers. This approach minimizes conveyance loss in water-stressed seasons by reducing the distance water has to travel to reach farmers' fields. In the large command areas of the MASL systems, however, tail-end farmers can incur significant travel costs when traveling from their homes to their temporary head-end plots. In one interview community, the cost of traveling over 40 km a day forced tail-end farmers to sell their head-end plots back to the original owners at very low prices. These farmers sent a formal complaint to system-level officials, who responded by implementing an alternative approach in which farmers cultivated the head-end of each canal branching off of the main canals in the system, rather than forcing all farmers to move to the head-end of the entire command area. This approach reduces the total distance traveled by tail-end farmers, but decreases water use efficiency by increasing the total distance water travels along the main canal. In addition to these two approaches to land redistribution, local managers also mentioned a land reallocation approach in which each farmer cultivates a subset of their original plot. This approach is typically only employed in very small command areas. Other systems transfer all available water to a single main canal. This approach is useful in systems with significant elevation differences between the main canals.
Once the subset of the command area is identified, farmer organizations (FO) manage the division and reallocation of parcels of land. Sri Lankan farmer organizations are heavily involved in field-scale water management. FO membership is common, as government fertilizer subsidies and mother services are often distributed through FOs. These FOs determine how farmers will move within the designated subset of land. Typically, all farmers are given equal-sized plots of land from the pre-existing command area regardless of prior land holdings. The actual plot size depends on the size of the reduced command area and the number of water users. In most systems, if land will be subdivided into plots smaller than half an acre, farmers abandon bethma because the potential gains from cultivation are too small. Any land allocation conflicts that cannot be managed by the local FO are managed by system-level water management officials.
Individual participation in bethma
Our interviews suggest that the most important determinants of bethma participation are agrowell ownership, plot size, and relative position in the command area. Agrowells allow farmers to irrigate fields without relying on surface water allocations from the main system reservoir. 4 Water pumped from an agrowell is generally insufficient to grow paddy, so these farmers typically cultivate other field crops (OFCs) such as soy, chilies, and onions (Burchfield and Tozier de la Poterie 2018). These crops require less water than paddy, but lack a stable market in Sri Lanka, require more labor, and are highly perishable Gilligan 2016a, 2016b; Chandrasiri and Baminiarachchi 2015) . Despite these risks, many farmers we interviewed opted out of bethma to cultivate larger areas with OFCs during the 2014 drought. Another significant constraint to participation in bethma is a farmer's field size. When farmers were originally resettled into MASL systems, each farming family received 2.5 acres of irrigated land. Today, second-and third-generation settlers cultivate highly fragmented versions of the original 2.5 acres (Azmi 2007; Jinapala et al. 2010) . In highly fragmented areas, this is often a serious barrier that prevents many farmers from participating in bethma. Farmers cultivating plots too small to subdivide for bethma (less than half an acre) are likely to abandon bethma and seek employment elsewhere during the water-stressed season. Finally, under most bethma configurations, tail-end farmers must move up to the head-end of the system to cultivate 4 It should be noted that many agrowells are recharged by seasonal surface water flows, so in extremely water scarce seasons, many of these wells go dry (Kikuchi, Barker, Weligamage, and Samad 2002; Villholth and Rajasooriyar 2009). portions of head-end fields. Many tail-end farmers reported that they were unable to bear the expense associated with traveling to the head-end of the system throughout the season and sought work elsewhere.
Based on the predictors of participation in bethma identified in the interviews, we fit the following model to the survey data to test the importance of these predictors across communities:
where y i is the probability of a farmer participating in bethma, AW is a binary indicator of agrowell ownership, FO flags farmer participation in the local FO, ACRE is the total acres cultivated by the farmer, TE is a flag indicating whether or not the majority of the farmers' fields are located at the tail-end of their field canal, and SES is an index of socio-economic status we developed through principle component analysis of various household material assets but not including land (Vyas and Kumaranayake 2006) . Survey questions associated with each variable are presented in Table 1 .
The results of our analysis are presented in Table 2 .
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The table shows the mean value for each coefficient as well as the 97.5% confidence intervals. Estimated effects whose 97.5% confidence intervals do not intersect zero are of particular interest. Despite the importance of farmer organizations in the local implementation of bethma, our model does not identify farmer organization membership as a significant predictor of individual participation in bethma. We also find no significant effect of relative position of a farmer's field within the command area or of agrowell ownership. Our results do suggest, however, that a 1-acre increase in land held by a farmer increases their probability of participation in bethma by 25%. We believe this finding is best explained by the land fragmentation that occurs in the region. Although landholdings in the MASL systems are formally required to be passed to a single heir, family members often informally divide inherited plots. When land use is further restricted under bethma, the farmers cultivating these fragmented plots are less likely to engage in bethma. The results also suggest that a one standard deviation increase in a farmer's SES decreases their probability of participation in bethma by 17.5%. The strong negative effect of a higher SES on participation in bethma may reflect the fact that wealthier households tend to engage in non-agricultural livelihood activities during periods of drought.
Livelihoods impacts of bethma
To determine whether participation in bethma has measurable impacts on farmer livelihoods, we constructed a linear Bayesian model to estimate the effect of bethma participation on seasonal rice yield:
We include the same predictors as in the bethma participation regression, but add controls for farmer experience (AGE and EDUCATION) and a variable indicating whether or not the farmer engaged in bethma during the 2014 drought (BETHMA) ( Table 3) .
Our analysis of yield during the 2014 drought shows that, controlling for alternative water sources (AW), membership in the local farmer organization (FO), land holdings (PADDY), socio-economic status (SES), and farmer experience, a farmer's participation in bethma had a strongly positive impact on paddy yield during the 2014 drought. Our findings also indicate that ownership of an agrowell significantly boosts yields during periods of water scarcity. The positive effect of farmer organization membership on yield likely reflects increased access to extension efforts, agricultural inputs, and influence over the implementation of bethma.
Discussion
Agricultural water scarcity is a serious problem in rural Sri Lanka. Future changes in climate will alter the timing and duration of seasonal monsoons, further straining agricultural production on the island (De Silva et al. 2007 ). In addition, the Sri Lankan population is expected to increase by 15% in the next 30 years, further straining limited water supplies and fragmenting agricultural land (Imbulana et al. 2006) . In response to these stressors, Sri Lankan water managers have rescaled and institutionalized a locally developed drought mitigation technique known as bethma at the regional and national scales. Scholars have warned that the institutionalization of bethma by the MASL will create a loss of Bvillage identity and exclusivity as a result of state interventions^ (Abeyratne and Perera 1986, p. 118) . Others have argued that government interest in bethma has ensured the survival of the practice and has bolstered farmer livelihoods during water-stressed seasons (Thiruchelvam 2010) . Our analyses suggest that the rescaling of this drought mitigation practice has had positive effects on farmer livelihoods during periods of water scarcity. This rescaling of bethma does increase government oversight of local water allocations, but many farmers expressed a willingness to lose local oversight in exchange for access to the significant irrigation infrastructures maintained by the Sri Lankan government. Much of bethma's success is due to its decentralized implementation. Though key diversion decisions are made by national water managers based on seasonal water availability and projected water demands, system-and field-level responses to these decisions are highly flexible. System-level managers and farmers have legitimate decision-making procedures that allow them to integrate their experiential, institutional, and contextual knowledge. This flexibility rescales key decisions to the most appropriate scale of concern (Gibson et al. 2000; Risbey et al. 1999; Termeer et al. 2010) . For example, system-level managers can determine specific land and water reallocations based on the specific social and environmental layout of their irrigation system. Farmers can negotiate field-level reallocations based on their preferences and social networks. This nested flexibility integrates national expertise (network infrastructure, storage capacity, water demands, seasonal water availability) with local expertise (field suitability, local irrigation network, farmer preferences). This decentralization of knowledge and key decisions helps to limit conflicts between managers and water users (Cash et al. 2006; Wolf 2007) . It also facilitates the integration of highly diverse and specific information relative to each irrigation system, canal, and field (Agrawal and Perrin 2009 ). The flexible implementation of bethma allows each system-level implementation of bethma to reflect decision makers' consideration of different objectives, scalar priorities, and system constraints.
Despite the successful decentralization of bethma and the measurable impact of participation in bethma on farmers' yields, we also find significant intra-community variation in participation in bethma. Our interviews and survey analyses suggest that much of this variation is associated with the size of a farmer's landholdings. In the village-based irrigation systems in which bethma emerged, the community of farmers collaborates to reallocate land and water. Members of the community are often neighbors and/or members of the same family. These communities possess informal knowledge of land ownership, land fragmentation, and system characteristics. In MASL systems, farmers cultivating on informally fragmented fields are often left out of the bethma process. This suggests that future attempts to implement bethma should focus on equitable participation in and distribution of the benefits associated with bethma. 
Conclusion
Our analysis details the rescaling of a local drought mitigation practice to a regional scale. Our results suggest that farmers who participate in this rescaled mitigation practice have higher yields than those who do not; however, we also find significant variations in access to this practice across farmers. Though the benefits of bethma are not distributed equally throughout communities, the practice appears to be a powerful tool for mitigating changes in water availability in the Sri Lankan dry zone. The successful rescaling of bethma is due largely to the flexibility and decentralization of its implementation. Farmers and system-level managers agree upon the most appropriate implementation of bethma for their locality, avoiding key geographical, social, and environmental pitfalls that may prevent the successful execution of this mitigation approach. At an even smaller scale, groups of farmers manage the process of land redistribution among themselves, allowing the integration of local knowledge of specific fields and canals in the irrigation network. Intervention from higher levels is only necessary when conflicts emerge.
Resource managers and decision-makers in other regions of the world interested in promoting local mitigation practices regionally and nationally can learn two important lessons from the Sri Lankan institutionalization of bethma. First, the successful national promotion of local mitigation practices requires flexible and decentralized implementation. In the case of Sri Lanka, though national water managers determine the reduction in water flows and cultivated extent for a water scarce season, local managers are responsible for determining which subset of the command area will be cultivated. This allows local knowledge of social and environmental constraints to be integrated into bethma's design and implementation. Second, policy makers must allow high levels of cross-scale communication. Local resource users must be able to communicate with local and national officials. Similarly, the expectations of national policy makers must be clear to local communities.
